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TITLK OK Till, JNVKUTIOil 
■ •flirnl I ii ft I ivuitf-nt and M"t ho<l (or Mali I 



hAi.T.r.nnijNi;! .0I'\tiikj nw .. km T tor l 

This invention nOnCeM to n mi-dknl instrument and a 
method for the rinrr.ic" treatment thereof. 

Modieal nopl l.irw;e:i, Tor example inndlcn 1 In fi t-. rum-n i.n 
•inch nr. catheter: which nrp Inrwrted through airway, 
trachea, alimentary canal, urethra, blood verwiels or other 

,,, i iviiw.M, nml medical lnr.trninr.nl;:; r.uch nr, qui.dn 
wii-s or ;;iyki-:i which are innert-d through cnthctern nro 
|( . ( ,iii.ir(l !■(» have nmoothncfls for anriurU'i t:h" Introduction 
n( :;,„;!, m.Mlirfll i in l rumentn Into a der. i rrd red ton of the 
hnfly without Iniurlnq tinaucfi. Such medical i nn t rumen t 
;ir «. lui th'T required to have lubricity for prevent inu 
injury ( ir Inflammation of mucous membrane which would »!•■ 
rained wh'Mi tin- instruments stay in tiie tissues. 

f'fK* this r»»a:;nn, :;uhs * r a : es ol which r.uch med i.ea I 
in . ; | rum.. nr:: nr.- mad- -m-, hiT^nfor.', m.nk' of ordinary 
It.w-rr tetional resistance mnt-rials :;uch nr. f. luoropl .rM. i es 
,,iul polyethylene, (ir coated with a surface Inyr of 
f lunmplastios, i. I I cone or the like. In another instance, 
silicon- oil, olive olli cil'/crrinr, xylocnin jelly nr the 
like I:; applied to the nubfltrnrn surface. 

llnwMvr/r, these conventional techniques ;\re not 
;;;it i.sfuctory In effect. For example in care* low- 
frlctional resistance materials mich ToUon (trade mmk, 
mrmufart un*d hy IhiPont), hiqh-density polyethylene, etc. 

,.,mpImv."1 nr subst rate:; nr- ennl^l with .i snrfaer mat 
Mf .;,„.(, M ,;,t.M-ial:i, them ir. the ptohlem t.haL coe f f If i f, n t r, 
(lf |, i,- 1 i,„, are not low enou.jh. In case oil;; are applied, 
,.,„,( | j f .j,.„i nf dynamic friction are su I f i c i ent.l y low, bur 
t h.-f.- i:. annUwr problem that oils tend;; to run off nnd the 
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r>\[<>r\ dr.i-r; m.i last. In addition, product'; with oil 
applied has sm.-.try ::'irlnrni; mid nr- -1 i r f i f-u 1 » U. slon*. 
Th.T^ror-, oil. ani)l rcation must: h** don" imm«dia ».•: i.y b^Torr 
use, which would make the handling cnmp 1 icntnd . 

U.r». Patent No. 4,100 , 309 discloses the mho of an 
lnterpolymor of polyvinyl pyrrol Idono and polyurothane as a 
coating layer on the outer and inner surface* of a catheter 
tube. Thin coatinq layer i.r. superior in frictional 
resistance and if. retention to other typos of conventional 
coat inn;:; . 

Thir. coat inn layer, however, needs an inocyannto qroup 
a:; n reactive functional group and polyurcthane as a 
substrate or an undercoat on a substrate. Thus, the choice 
of Lhf. substrate and the application of the resultant 
medical instrument are disadvantaqeonr.ly limited. For 
example, if nuch a coatinq layer is applied to a polyami.de 
r osi.n, it is difficult to directly introduce isocyanate 
r,,nup. Kvf-n if polyur-.thanr- is used as an undrrcnat, 
Umdi.nq t-o i"h" substrate is n.it. qood and formation of a 
durable roatinq layer is not -xpect ed . In /uldition, 
polyvinyl nyr rol. idone i reJa^ivHy expensive. 

Furthermore, it is considered that polyvinyl 
pyrrol idono and isocyanate qroup form:; an ion complex. 
Therefore, the bond is not stable in aqueous solutions for 
sample, humor such an saliva, digestive fluid, blood or 
the .like, or physiological valine and the complex tends to 
b,> dissolved in such solution. Thus, lasting effect is not 
expected. The retention of low frictional resistance is 
vnry important for medical tube guides which are used under 
severe sLidinq conditions as contemplated in the present 
i n ven t ion . 

Th. above-mentioned U.S. Tatent includes no disclosure 
or indication that the coatinq layer can be applied to 
cathet-r quides as in the present invention, thereby 
rorna: ^ d»l.y improvinq the sliding resistance thereof and 
solving the problems of manipulation and safety. 
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.,.„,„„,.,, ,..,,,„, A|.|.1 l.:.if ion Kokni Nr.. 1 1 Mi 7 
,li, ; ,.,o:;..v. a m- i-h.nl Cur pro,idiM<, ;, f i In i no ' V *- ••«•:'■ i V ! " 

,,„. ,urfa. f |,nly..r..U..-.np r^ln:: wlmr-in I i br i (>'• I y "• i ■■ 

,.,,.,-ivnton. aro affix-d t.o the r.U. f.nc- nf „,.l V .»roH,;.n.- 
rc ,in,. Accordlnq to thir. d b.closur- , n polymer conU.n.m, 
moleic anhydride unltn In usod nn an intermediate bonrtinn 
layer for nfflxinq the C Ibrinolysls activator on the 
polyurcthan, surface r.o that the .layer of f i br I nol 
flrli v.V;or formed a., an outer surface .any ho di^olvd to 
provi-l, anticoagulant properties . There lr. no di,rlor.ur- 
or r.unM.-.ti«n of enhancing the lubricity of medical 
i nr. t rmn^nt.:; . 

Ciui,,, wirr-s which are typical of medical in:; truants 

luiv<- the fnllowinn problems. 

Tli „ m( . l{ . ria (iuld , wlreS uHcd in Lho prior nr. q-nor.-i 
inr ,Md,, coiled nui.de wiren formed of .tain,.,,., r.lr-1 or 
pi.,,,,, wir-, ,,ncl m „nnf I lament-like '.uide w.rev. Conn-I of 
nl „..,,-i,- ,«.,., rials. In ..'-.l.-r 1 ha I ^ 'l" 1 ' 1 " wir " 
n ,xi«.... tip ,wl a r,„.;vHy ri-M »,,-.,. thr- quid, w.n- . - 
, on ,,n, ( .tn ( i so as hn indud- a cor., nf -„-n,ral -la Is such 
no ntainler., r.teel and pinno wires partially or entirely m 

the interior thereof. 

A- typically encountered in indwelling « vnaographic 

,.,,„,„, r at the predetermined ver. 5 H r-.ite. the qU 
i, jn ,,rt,d throuqh a catheter up to it* tip opening, the 
,, lh ,t,r with the nuidc wire in inserted into the blood 
v ,.,,,, throuqh an introduction needle percutaneo-^y . *"<< 
,.,„. cnrh# . tcc wa, further inserted throuqh the ver.aH by 
nsinf , ,„o a.i id, wire a leading and m.pooctlnn quid,. 
,n order that the catheter tip reaches the denned 

., ,., -i,,, i!„ auide wire tip orotr«d,,« n dintanc of a 

,,n, i,,M,.r, b,.yo,u. the distal opening of the ca-he-r. 

T ,,, ,v,„,,,,l or ,x.:,nd..d tip portion of th- quid- w.re ir. 

, ( ,.,.,n,..-d ...hrouqh tlv vessel in contact with the in,.-;.- wall 

n r „„, v ,,,..l. The tip portion should be sufficiently soft 
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.ni;i If.-y.iM-' 'in th.il" i ; may pasily *.*»>nfiuin to 

t i i * *: 1 1 1 i i'i i it i » • oM t h" V". inm-i* wn 1 1 and b^nds n' vpsSp'i 

bi jnchps in H'Ocl:iv*'ly quid" Hie cn I: ho tor . 

In such operation, > { ' ?; MrMt of nil dpsli'pd that the 
I i i e t i nti;» I r os i s tnnee Iwiw-ni the cathot.pr lnn*T surface 
and the (i'ti-1.- wi.r:: is low. He !a I: i vol y hlrjh friction 

I. .'t.w<*p(i tin- enthotor and the quidp wi re not; only pr-jwifc:; 
f ||p (|uji!p wir<* from bo i iki inner ted thronqh th n catheter, 
bin i; In* rpiub: wire, from be inn 1. id Lnuly moved through the 

hi-t-'M- , makinq it difficult to carry out subtle 
indwllinq operation at the destined vessel sit". 
:.'.mi- ■ ! i iiiM'-. {-ho nuido wire cannot bo withdrawn from i hp 
■ * .' i ' ! t p 1 * * * ' i i*!:nd'M:rvi the ca the tor lum"ti unusahl" dp'-.pitp 1 hp 
< ■ n 1 1 1 ; > 1 1 • i 1 1 1 1 nf indwell i.nq opera t i on . 

To avoid such i neon ven i ^nr" , ai tempi s h;u f p b»»pn mad**' in 

I I , .. ,i: ' l" <ip;-:y ' MW ' ' i ' ' t 1 1 > i n ! ! i ■. i .imp- ■ Ti-linn and 
■,i | M-Miic i.it !.m Lie- mm!»': '".i: if.*iC" of < I n i dp wiros. 

Api- ! i --.t l i "U of i I i p-iri'' oil fails ti. r"tain lubsieity 
|...f ',i»p;.. !•( i imiwd i .i t 1'p;-. o( i | i r:t nit • pi .;i t' i in ; . Frp'piont 
.i;.p|if.i! inn:; add i.m It \<-\ lonal r*e; i s taneo # also undes i rah ly 
p ["".i I* i rwj troubles as tut*nf i orvd above. 

TIip:*.p attempts ai;p still i n:;n f f Lei on t . There is thus 
Up- iK" -rt for a quid'- vim ha v inn a lower frietionnl 
t * • ' ; i :". t' ,*i n e p surface which enables more, subtle operation in a 
vessel as well, as in the associated catheter and can bo 
pasily iudwi'llod at Mi" :; i t n whore catheters arp oMiorwir." 
u i f !* i.on | l- t-n :;t ay . 

A :;'*p{nul problem is onooutorpcl whp;i t h" (pudo wir^ tip 
j 1 1 ''ppd i n't i hp ea l.h'.d'.pr is ddvancd t'hrotiub l iip vpss.pI. 
VJlipu thp (juirlo wire tip passps a plurality nf vpst.pI 
hi .iMi:hi\'; or enmp 1 i ca t* •»«:! branrho:; or slpndpr branrhps. 
:.i:diitsily from a thick vossfl, Uh- (iui<b* wir<- rit* is. first; 
.d>itl t.pd aqains,!. the branoh. It mus.t bp f)h:..M vc! wh'^thpr 
tip- lij. i-. rlpl'lpcfpd r.o t.hp r i o h r or M\p IpM. The nuidp 
win' is. fin"t h*:r advanc-d whpn t h" tip turns on ! h-* s-ide of 
i h" d*.*s t. i nod site.. 
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It l:; thus necessary that the <iui<l« wire Lin can inov 
alone tlu* Vf:::;"l wall in a si.idinq in.iiirwr with a 
sufficiently low foico, Tip portion-, urwrl in the nrinr ;iri 
•irr made .is flexible n:i possible, hut stilt I nr.n f f i c i <*n t . 
(),„■. r.-cnnf attempt i-. I '" f"<"» ."■! 'I"* « f : '» 1 M i' tn w '*" k " n 1 f|n 
Impact, of tli*' Mp aqainsl. * v-ssel w.i 1. 1 nnd lu locally 
concentrate •*» lore to the baric ol. the r.phnrlcnl. tip to 
provide ease of bonding, thereby fncll Ltat.lng Lateral 
motion oC the tip. An the tip is further guided to the 
second and third branches the tip experience^ increased 
r.-r. i :;:-..-iru:i- to the vessel wall. Since the catheter is also 
f -ifh:.inc.Ml in curve] Conn, the euido wire oxp^r i /m.c^s 
inet.-as-d friction within the catheter, makinn the 
insert inq operation Lor.:-* smooth. 
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SUMMARY OF THK T.NVKNT I ON 
It. ir- .*m object, of the pr.e;enl. invent- ion to provide a 
m.-lir.il instrument which exhibit;.-, low fricf.ion.il resistance 
upon insertion when wetted with aqueous solution, tor 
( e<;.rn P l", humor such as saliva, die-stive fluid, hl.ood, 
,.(,-., nhysi.oloo ieal saline or wn^i , has rxe«. Ileal 
retention and shelf stability, and bar. a continq Inyor 
which allows the substrate to bo made of a variety of 
ma to r i a 1 s . 

I! is another object of the present: invention to 
provide a method for preparing such n medical instrument. 

It is a further object of the present invention Lo 
provide a «|iiide' wire Cor ur,e in a catheter, which presents 
a conl-in.imislv Lubricatinq surface havinq a remark a b 1 y low 
frictional resistance when wetted with aqueous fluid, for 
..>:.,»■■. lo f humor such as saliva, diqestive fluid and blood, 
phy-:i..|M.,ieal saline, and water, thereby ensurine ol 
r , ( ;,. ;a i ion of Hie. quide wire throuoh the ratheter, 

Th.-sr- objects can be attained by the present i n vi-n t. i . .:» 
as. de f i ned be 1 ow . 
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According to a drat anped. r,l the i-r^-nL invention, 
th.Tr In provided a medical. lnni.run.onf. comnr I n I n<i a 
DuLntrato having a nurfnc. The nnimt rare „„„ ,. loan." on 
Itn nurfacr a re.irl.lve funrt.lonnl group which I.-, covalmtly 
l)0 „dod with a water-nol uhle polymer or dorivatlve thereof. ' 
The wator-noluble polymer in a rrlliil.or.lc polymer, a malHc 
Anhydride polymer, a polyncryl.mnl.cl.,, or a w n tcr-nol uhle 
nylon. The surface thun'exhl bltn lubricity wh G n wotted. 

According to a ne.cond aspect of the prenent Invention, 
there la provided a mot hod for prcpnrinq a mod Jen I 
lnMr.run.onL, compr In lnq treating a nubntrate const I r ul: 1 rig 
,,h, mcdlc.il instrument and having n surface with a nnlutlnn 
of „ impound having a reactive functional -imup to r„rm an 
undercoat no that the reactive functional nrouo la P<<^<^ 
n.-. 1 t ou the nurf«c- of the nubr.trat.e , and . hen treating 

nul.ntr.ii-n with a wat.e, -nol.uble polymer or derivative 
thereof to covalontly bond the reactive functional group 
with the water-ooluble polymer to thereby form a coat of 
thr. wrttcr-nojubl,; polymer on the undercoat and thereafter 
optionally contacting ..ho treats aubatcatc with water no 
the r.urfaco may have lubricity when wetted. 
The watcr-nolublo polymer Id a cellulonlc polymer, a 
maWc anhydride polymer, a polyncrylamldc, or a 
water-soluble nylon. More preferably the collulon I«: 
polymer in hydroxypropy ) cellulnne, and the malelr 
anhydride polymer In a copolymer of methyl vinyl her ,nd 
malelc anhydride. It In nlnn preferred that the .-active 
functional, qroup be an aldehyde qroup, an e P oxy group, an 
inncynnate group or an amino group. The medical Innmunont 
i, a guide, member fromed of wire member i (inert able through 
,, medical tubing for allowing the .nodical '-'.hi no to b- 
moved and out of a body. 
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i.itM-i' ;)i:::i;u.irrinii <>k tiii-: kcawj mc:;, 

|, v., :i'nn.l 1 I.hnw in-.li-.-,! I II t". r lit'!" II ! ;; n<- I I i.'i 

<ll ri-cr-nl -i Mi....-..! m -.I' M„. pi l-.vu. I. .n. l- l... ' 

',, 1 fI „.l r.i.l- ior,;.l vlnwn of n.. KI> Mil,.., n 

|,' lM n„n , , , r..,r.„.,.v v„«.... r. I ^H.^nr, an-l n 

([ ,, I wit.-, r.'f.|<«"-L i V" I V ? 

f ,| (|t |, hr :tn,|,M n method <.r mnnniir I n<l I'Hctlonal 

rr'M 1 ft tr\ UCn ; and 

,, iq . f, hi n nrnnh nhowLnrj n chnnqr.. of t:ho coo f r I c I -nt. 
f(f mu-Mmm of vnrl.uur. fipr-rimonr. wUb Uni". 

DKTM f.KI) .dkschipt™^ [ON 
T|u. ,,r ( yi.M 1 !;'lnv^l;ion will bn doncrl.bnd in .IM-;,M. 
On,- rl«!»: .,f l-hc wnf.or-nnlublc polymnrn rmploy-d In 
form a 1 ubr i c;a I i iv, r.-irfnc ^M,v, l*y«r on n modi ml 
in , tMIrm , n , n mnrlicnl Mil- nuidn Include pnly^rn 

whi(:!l ar, ,.Ma.:hrd <.n a ,uh»t.rn.-.M nf Mm -di,al I nnl run, ; n,. 
thrMtlMh ^vnl.ul bond. Thr, wnhM-nnli.Mc polymnrfi «r, 
(|(lI1( , i;i ,ly H.nin-Mi-rucHirr.cl, nor, -r ron n 1 Ink n f l polymnrn na.lnM 
„ croup nncb n, -Oil, -(.'ONH ^ f -C00I1, 

.coo", -SU ntnl -Ml*/ wh-r, H if. a 1 k V 1 or hydrocp-n. 
Kxampl r-!i ;ir- nwMiV ionod bo. 1 ow . 
M; ,t in a 1 w/il:r.r--r:nlubln poVymorfi 

1 ) M.arHior; 

( ;;,rlioxymothyl nl:nr.;h, d i 1 dohyd- M.arrh 

'X ) Ci' 1. 1 1 1 I o;i(!S 

CMC, Mt\ iif.c, UPC 
\) Tannin", and 1. inn Ins 

I ann i n , A i<l n * M 
/\ ) |>r, 1 y:;a<-rh;ir idr:; 

; ,i n i„i r ;,<Md ( .pirn ,'Oabic, 'linn M"-" , mmki ' . .^ara" H. . 

t ama r i nd 
\ ) I' ! att." i nr. 

rpM.nl. i n , enjoin , Mb" 1 » 1 1 ■»'' ,!n 
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Synthetic wn \\r r -;;ol ubl '* polymern 
1 i PVA 

|.n I y v i ny 1 a l.cohnl 
■/) Plynthylene oxides 

polyethylene oxide, polyethylene nlycol 

J) Aeryloten 

sodium polyncrylate 
4) Mnlelc anhydride polymers 

methyl vinyl ethor-maleic anhydride copolymers 

r ,) Phthalntes 

polyhydroxy othyl phthnlntos 
f,> Wnter-r.nlnble polyesters 

po 1 yd i. mo t: h y 1.0 1 prop 1 ona te 
7) Ketone a .1 dehyde r^sinr. 

mrji.hyl iMopropyl krtoru; formaldehyde resin 

(I) Aery lam Ides 

pn lyncrylnmi.de 
<)) polyvinyl pyrrol idonu 

PVP 

10) Pol yam i nns 

polyethylene iminc 

1 1 ) Poly-electrolytes 

polystyrene sulfonate 
\ r n Ot:hrrrn 

Wntor-r,olubl* nylon 
The derivatives of these polynvrs nrr not limited to 
water-soluble nnns but may be of nny form no lonn as th-y 
, t ,vn, as a basic structure, the water-soluble polymer -v. 
mentioned above. Innolubi I i'/.ed derivatives may also bo 
employed no long an they have freedom in molecular chain 
and can hn hydrated as will, be discussed hereinafter. 

Kxamples include esterified polymery salts, nmid^, 
anhydrides, halldcs, ethers, hydrolyzn tea , acetals, 
f ormolu alky loin, quaternary polymers, diazos, hydrides, 
sulfonate,, nitrates, and ion complexes which are obtained 
by cf.^onnntion, addition, substitution, oxidation or 
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roductton ronrtjiM* *.| tie* />!»< iv ■ hi»-ii I i f mm •< I wa i »> r - fin I u b I 
i>ul yni.-r:; . Ah. ft i nr ! iidod .if" p»> | yi,i.. r f, n IfikffI wli.li 

:i 1 1 1 >;i I a n r t ** , bavin-i iiinir than nri" r .-nr t i v»' f 1 1 no I h »n n 1 'M'tnie 
:;ncli ,ir. '1 1 a /* »n i inn ffrmip, a */. i fl f : «|n.iiip, i r.nry.-uin t o ip-r.up , 
nHd f;h 1 or i.rlf rjirnnp, ncid nnhydridf <|rnnp, (mlno on r bon/i t »• 
iirruip, amino runup, onrbnxyl tiroiip, opoxy Mrmip, hy* I r f > k y 1 
firniip, .HmI aldo.bydo '.J roup. Alr.o incl.ndorl nro r.npn I ymor r; 
with vinyl compoundn f acrylic nclcl, inn Misery 1 I o /u: I d , I'llfii.* 
compound.". , nnd run I. He nnhyHrhlo. 

Th«» w.*ii-"!--:;nl iihlr* pn lynw.n nrr* ivmily ■-.mImI.].- in walfi. 
[ C i sniut.inh Is pr^sonl. botwoon a r I ( c 1 , it '-an 
rena rkabl y Inwi-r t ho f'rictinnal n"i In t' a no*- I hf r*f br! w.« <• n and 
l.hn:i f ; ( -rvfv; nr: a lubricant.. Tlv dor i vn H of t li<- 
wa I * * t" ~ *'■ o I 1 1 1 1 1 ' • piiIyiwT:; wh i oh nm obtained by '"niidcnu/iUmi, 
addition or r.'pl/u:rm*:nt ronction, /md partially cro:<n I ink.-H 
nr I rif.n I ub i 1 I y.od polyim-m *ro alr.o nfrfrMvf .if. 1vibrir.inl.r-. 
bf l;u/f cn t wo I ay o r .". . 

When t h. pnlymorc nn; covn 1 on 1. 1 y bonded with a 
rrvirtivf f'uitc: I I on.T 1 qroup r> x i t i \\<l on or i n I. ri ifl nc<" I in t hf 
:: .irf:,iri. ;jf .i substrnto, a ItibricntinM lfiy«r onriiod mm t hf 
..„!,.,! : mi m 1,.. - .1*1 • i i im-'I . 'Hi- i nbi i .- ( .t i mm 1 ay.-r i •■. mm» 
::ol uli I- in writer and off>r a l.vitimi I uhr i oa H ri'i ::urfa.-f. 
Th« ' yp.' of w;ih«r-:;ol ublo polymer ( r. not critical, but- 
Llmrr- r;;m hr- mr- n t i on nt 1 , a<; typical fXamph";, (.:»»! 1. ulorw-r; , 
m.ih'ir anhydride polym^rr., ar r y lam hi nr. , wa t or r.o 1 nh 1 c 
nylon*: or Hi*- i i k o . Auwhvi l\\<".\r , h yd r . . x yf ► ropy I c t 1 n I n*;r , 
mrthyl vinyl r- 1 h#»r »m;i h' i c: anbydridn f -ui m 1 ytip-r , 
polyncryl/tinitlo, ;iml wn t **r -:io 1 nb h- nylon (AQ-nyh.n I' 7n 
nifiiiurncl urnr] and sold by Tnr;r/ ! ndn:; t r !»•:: , In'*.) •»'<■ n.ir.i ly 
,iva i I .'il.il «'* •» n'.-isnnnbh* '*o:'.( ;ind . *y.r | ] , -u t in •;-i!--iy. 

Til.- ,iv»' i . iiuilft.ul.ii v/fi'ilr i : *' ,,:,,! ' 

biqli polyinfr:; \r. noi". «:r i. I. i r;, 1 . !\> 1 yin-- r :; h.iviim an tv- 1 
„, ( ,b.r.,l;ir wriqht. n! 30,000 to r -, 000,000 ;Wf p r . • f *■ i /i b 1 ■ ■ 
liff:au:;»* Mvy arf .■/.fcllfnt in Inbiir-ity and ran yi'-ld 
lubricant j.nym '.»f ;ipproprialf r h I ( :k no:;:; and nn? !■••#» 
r;wo 1 1 ab If wb" n i • in byd i* .i I.*' d . 
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,„h..r ..xmnplnn of th.' wnto.r - n.il ub I o i >.'■ I Y l,!, ' r wM.-h nro 

|„ ronn « luhrlcntln-j con I: I n«i W-y.-r nn itw:d \rn] 

(,,.,, rnmontn M...:h n« medical t»l "' ' h " 

,,,,.,,.,,1 Invention nr, thnno „. I nchrd to M.o n..bnt>M. ... 
tl„. nWllrnl I nntniino.ni. Lhrouqh Ionic bondn . 

•Pyplcol. nxnmplen of tU>: untcc -nolublo pol Y .n,r, 
I n nddl.tl.on It, polyvinyl pyrrol Idono, r.n r hnxy ln« -m , 
....Ifnnnt.sB, i.nd ammonium nnlt.u or llu- nhow- 1 i si 
wMor-nolnblo. polymer-. Moro I I I iintr/it i vo I y , o*,,mp . ,-r. of 
»,„. cnfbnxYlnl.-" i"cl-Kl- « norilun. nn.lt of. mo.hyl vinyl 
H ho r -,„,!.• I, nnhylrlr.... -Hun, pnl.yn, ry 1 n t r , po 1 y/.cry Inn, Id,. 
hy.lrnlyr.nt,, nor! I.un. crboxyn,o.:hyl cHl.oln,., and nod ion. 
„|qinnl,,; ..xnmpLri or tho nulfonntn-.. i.ncludo sndlno 
polyntyroncfiulCnnato mid "odium ,.,ol yviny loul tonntc : and 
nxnmplM "f (.ho nmmonluni ualtn lncludr ammonium naltri of 
m ,.thy.l vi ny l. -malcic nnhyd ririr and qua tern lr.od 

po I yao rylam I. do . 

Tho control of r.wo 1. 1. Lm upon hydrnllon m>.y bo -rrocto.d 
by u,I.k, Jnnolublllied material.!, no dencribed abnvn or by 
p,.rfo.:mlnq n nlml lar cr«Atmon t . after wnt,r-,ol»bl. polymer, 
«r« applied I'-o substrates. 

Tho ronr:Uvo functional croups r x I n t i tu, an or 
introduced In tho unbar r« to m.rf^ «r<- not partiol nr 1 y 
IhnlCKl an Ion., nr. thoy nr.. mart i v , h-nd,,!-!,, nn.l 
r mn»llnk«l.ln with th- wntor ■ r.,,\ ..I.I e hid. p„ly.n...n to nff.x 
tho name. Hx«m P l...n of th- ren,,tlvo funrlinnnl r,rou P! . 
i,,,,.!.!,. n dlnv.onlum qrnup, a/id- ■V^, ,,..rynn,te ...nun, 
nrld chlorldo qroup. ««:ld nnhyd. Ido nm»» . i m i n, „ ■„ rb„n„ t - 
nroup, amino qroup, cnrboxyl qraup. enoxy nroup, hydroxyl 
..roup, and' nldohydo qroup. ftmonr, M.os,, i •■.noy/uin to, nm.no, 
nldohydfs, and opnxy ..roup:, nro P r <• K .: r r -d . 

Thcroforr., P ol yui -ahnnes , po 1 y am I d»v. ...v! I hi' Ilk*- 
proForrnrt «n tho ronrtivo f..n.;tlonnl qroup contnlnlnn 
nubntrnto.n. In qeneral. subntmtfin commonly unod to 

,Mt.ite -.utot or Inner walla of vnrlous mndlc/il 

in.trumenta nuch medical tube guide, do not conti.lt. nuch 
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„ r „ (ir i| V( . functional group. In i hoii- unn-n, l.ho 
„„,,.„,.„,,.., l1M . pr..-i-i«nu-fl will. B.il.ntn..ffi hnviiui n 
rnnctiv, functional nro«ip nn l:h„> th- ir-nrt.lv f u.wl I......I 

, |lu up may be pronont In or on t.h« uubnt rnton , nnd M„. 
wntr.r-no1ub.lo polymer an npoclflod by hhe prnsont InvonMon 
|..m cnvnl.Mil-.lv ><ondod therewith. Tho form of howl i""Y 
includo covalont bond, ionic bond, phynlcnl nd.-.m pi Inn , 
,MC. Tho .rovnJ.'nl- bond i.r. most p.-rorrml In r..i,i.llnn, 
.-, l Chough the Ionic: bowl in allowable 

.inch troatmoul In not "Iwny.'i r..<piimd c, I... ,„,|.ll.«l 
rllrrrdy nn I ho nurf.vv of t.H- r.ulv i.r,. • , b..l tho ronrHv- 
(unrl ionnl nroup may. ox Int. nn or br- l,.trndno,,l In !h- 
p„jy,n,.r layo.r mo na to b* covalnnHy bondod with tho 
wnt«.-r.o1i.blp hl'lb polymnr afl doncrlbod abovn to obt ain a 
continuously lubricating nurtace. 

F.xnmplfn of tho auhntnncrj:: lmvln<| U.o rnn«:Hvo 
|im ,-., innal n,rnu P Inrl.id.- pol y I r.c.'-y.nwi I: fit n.icl. Ml.yl.-...- 
dllnncynnata, hoxnmcthy len« di inooyannto, xyJon.s 
( ||i,ocynnnin, holuen- d t Isnoyanat.. , dlpbrnyl mot nan, 
,!l!.-,orynnnto, nnphthnlcno di ir.o.:ynnn« < !( phony 1 -no 

| inorynnnt. , cyclohcxy Lnno d 1 1 «no Y nn* > » tr I P"*r,y I .".-« h«n, 
trilnocynnate, toluene trilancyannto, or tho likr-; and 
ndducla and propolymcrn of those poly I nocynnnr.ofi with 
pol yol o . 

Kxan.pl on ol low moloculnr woi.,M ,.nl ynmlnor. inHudo 
,.|.hvl. ; no,linmirw., I r iu,M by l-n-l laml ..o , 1 , :>■ -I i ...... i . 

,,.1 ra.i,ol.hy|on<>dia.ni(..-, 1 - I -d i ami imbnl mi..'. 
2 , .l-d inmlnobutnno , p«r. tamo thy Umw-I i <m. i 
2. , 4-d lam l.nopon tnno , hoxaine thy lonod i ,in. in.-, 
octnmothylonodlnmlno, nonamothy lonod i ami no , 
( |..f.Minothy 1 oni-d I ami iw , und-c-nmol hy 1 on«>d i ami n<- , 
dodocanwthy 1 otvd I ami no , t r i d-ramH.hy 1 .-nwl i ami ,,• , 
()f ..,,vlocamr.thyl-nodiamiiu. ( N.H-diraH hy 1 of by 1 mod > am i .... . 

M , N-d I othy.l. t r imethy lened lnmln«j , N ,N-rt Imotbyl 
f.rimr.tbyloncdlnminr,, N,N-dlbutyl tr lm«thylcn«d lam i .... , 
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fi , f! , U* ■• I r j fi'hy I "Mv/ 1 rMU'il i ,uni nc , N ni"t hy i 

, t l!rt .M, V l-M-iLi:nin-, N,N fliin^l hyl !' ^!,.-uy I ■ ■■■■•■I i -un I n.' 

M#J I .I im.-l by I h-K ( HMrt.hylnu..li; l ii;in, : , d i hy I . wimim 



(,.•(•! -ft Il7 I ('hi- {J<'i .Hi) 



i nc , imn.vt hy I "i''' fl«M-;;iit in-', 



I,! :('.!' ;,i.iilin-l| 1 yl;.l:iilio)pi"p-">". l>i ( '. • nm i in .pi "H.i I ' 

,,„,!,„., |, i'-,-iinlii<'|.iM|ivl.iiiiiiwi)!'i-(.(i.'iiw, 

i _ , , , , j ,„„...,, r i.,p.in-, I .•i:M;-.nmin,..-lliyl l.-.i.niP', 

l ...... I ■• 1 !-yl !..!:>•• , M.-I !'V I imi noM 'M" -M'V I ■»<■ > "" ■ 

„„ . hyi iiuii.'.l.i'.'-i !i y ! .un i ii. - , -'l.yl i m i i.nli i v.-l.hy 1 .1111 in-, 

M ..ii. i ii. ii ' ropy I •:• -mnrpho I in-, M :un i nopropy I •• -p i p''' - o 1 In-, 

i! (• ! lV ,!!,.v Vl .| |,y! Ii I iiM-Miyl-n-'li.riiin,., xy I "ii-'l i nm I , 

! .| l .. !!V |,.n...li.HMln..-, pip-r.r/.in-, M ni..|.!iYlpl|»'in?.ln.-. 

■ , .in i ii'.x ■! liy I ) c.-r.h/uu.l ;im i n-: . N i »<...•■ l.liy ! P ip-r.i •/. i n- , 
1 ,!i '- i -i I'.iiii.-thyl ••fliy l-n-dlninin--, 
;.;,tl, N' , M > - 1 I r.wt.hy I t"V.i .ini-Lliy ! rrx.-il 1 ,1111 i.no , or M»«- Hk<-. 
Kx.,ranl-i of h i ah niol O'.-n 1 ."i ' wi'lh'. po 1 y;im i n-N inrlwd- (I) 
p.,!y(;ilky|..:n.. po 1 yam i '>••:'. ) ::ynt.h'-; I •.•.••<1 C r^m mniiw-. .in«l 
,-,|kyl-nc rtilwilidnn or ppid.lni ohy.lr in Is- Kncy: lnp.»l in ot 
IV. I ynw- 1 :,c\onro. unci Toclm" I r-ny , Vol. 10., p. << I ( - ' : CI) 
,i 1 k y 1 1 • ru- imi ii'- pnlyim.Tr. olir..iiiH:d by r I ii'i 

n„,, ! in,|-polyin"ri/..if.ion of .ilkyl-no imi.no:: ::n. : l, nr. -I nylon- 
imi,,,., propyl ''no imi no, Mr. <•■"<• Kw.-yr 1 op-d i n o(' Volymrr 
;;,i,.nr- T-chno 1 ony , Vol. 1, p. 714); nn.l (HI) oM.or 

l„,!y;,Miin.-: ';..<:h ns polyvinyl .unin--, po 1 y 1 >'.'• i . 

Also includrrt nvr pn 1 y;i 1 il-hyJ. r.ucl. .v: q 1 ui n t I d-hyd- , 
|-,. r .'Ph tha l.n 1 ddiydc - ' sonhU.n 1 .-. l<!"hyl- . '! i n 1 tl-M" . n Mr.-h , 
rilyoxnl, in.ilon.nldohyc^, .-.un: i nn 1 ddr/d.* , ,id i pn 1 d.-hydr . 
p i mr: 1. i nn l.d-liy.lo , iniP'-r i un 1 drlo/dr , im I o i nn 1 d-hyl- , 
2-i.»:nteno-l, r .-di,-il.d''liyd-, .md t.li" lik"- 

Also inolu.l.-d nr.- po 1 ypox i d.-r, .-.nc!) nr. •■ i. hy 1 -:>(• alyfml 
< 1 i . ; I y ■ ; • ! V ! -Hi-r, po 1 y i hy 1 *mi.- nly'-l d i <i 1 y i dy 1 cthM-. 
i.H.pylon.j t ,|y l0 1 diulycidyl ethor, pol ypropy i -iu- rti-ilyridyl 
,.||„m:, h.-xnn':diol cUqtycidyl "t.h.:i:, tr i m-Mw 1 o 1 nropano 
i r i<i I yr; Lrty I "t.hor , nnd rho liV.o. 
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Amono l.l.r:,-., ndductn of 4, 4 '-dl phony lmothnnc 
,M i.ioeynnal <• and to 1 y I .mod 1 1 nocynnt o with 
N-lmntliylnlprnpiin.., „„ adduot 0 r hr-xainothy I «1 1 i r.ney.ir.a t 
with l.lm..thylolpinp„n-, nr trlim-ri t)wr™f and 
ii v I iMwt t i.iiiilnc nri' inf.f.i. pr"('Tiilil.c. 
I„ t|„. pn-.ont Iiitf.-ul Ion, nvni if th" ' '•' ' '"V-" 
,,„. ,.„!,,., ralo Ir. not of a low frictional r<:funl ano; 
„,„,.,., i,, ,„ ,.,„. ; u,l.sl.r,.,. in not ro,c,d prior . » „sn with ,-, 
low friction,,! roaJnUnco Imparting n.jont such an slll.rone 
oil, olive oil, ..JYcorlnn, xylncnln lolly, a low rricHoni.1 
nr p.i.H^l.im, nurfac condition Ir. obtnlnod upon 
,nn.,r. with n.|i.om.n solutions nr. dosedl-1 above, which i r. 
,., „„.,1ir.-,l ln-.rrun.nnt.fl likn tub- quidw. 
, llb , t ., nt . inl ly li'Uo limit is imuo.nod on th,- maU-.,.! 
of t,„. f ;ub„Uato Lo Ij'j ..svd • TV nuhr.trnt or. may, for 
, ; xnm,..lo, ho vnrlour. type* of organic high polymer 
,,„),., I. ra tor. such nr> pol.yan.ldc, polyostor, polyvinyl 
rhlorl/lo, polystyrene, polyncry 1 ate , po! ymotacrylate, 
P o.lynccyUinU.rUc. polyacrylnmtdc, polyocryl.ic acid. 
pnlymothncryUc odd, pol.ynthyl.ono, polypropylene, 
polyvinyl alcohol, polymalolc anhydride, polyethylene 
]mi no, poly.irethanc. polyvinyl acetate, silicone renins, 
lateen, and copolymer* and blends thereof; and various 
typon of Inornan Lc and motal substances such as glass, 
ceramic, stainless steel ami the like Thono substrates 
may optionally contain various additive:.. 

Among these, organic polymer resins havn good lubrk.ty 
retention and ^specially, polyvinyl chloride, 
pol vurethnner,; polynmidor, , latoxcr., and pol.ycr.terr. nr.. -nor.-- 

of foot: i ♦ 

In rn.-... n ; s.lns other than the organic polymer reran.-, .v 
...p,., :i rir.| above, or metals or glasses are used as the 
,ub,tral/-r., desired results are obtained by preforming a 
lny ,. r .of naid orqanic polymer resins on the substrate 
nurTaco to introduce the reactive functional group or by 
hlrnfUnf| ..,hor msins with the reactive functional 
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* j i (»!'!' r< ,':!.■ ill i mi Silhr.t alW" I ' 1 fo'Ms ' 11 ' 1 ! i '*■"' * * h ' ' !iV/«MM. 
'i'ii- I i.i in.it inn nl Ui" '".a! l-'V"' 1 1 h " '' ltl, "' t 1 ,,! f ' 

lino to t.ho pr.'fwnt invent inn cn.-sy !»■• m.vl- a-<. fnlli.wi: 
Wli^i" an Mf<liiw,ry subr-.Vral-" whiHi Ho*-, not onulain t |,,. 
r .. ( „-t.i fiHK'Monal runup i :'■ ":.<"1, an unoVr ooa t. in f f i :0 
j nnn(1 (i, Tho tnuhTonat; may b- lorim-H !>V 'I i i .p S n*i tin- 
:;ubr; lToto in a ::ol 'M i.on rnnt.ainimi Mi" rompr ,ti nrl havln<| Mm 
I;:f ,r:Mv/' fmvHnnal r,rr,iii, ::pf: i M "I abn^ inH'-w^l hy 
: y i !i<; . 

In il,,:; '*a:w : , t:hr» solvmt: <:mp I oy.'tl may Ik: r.ol.octfu 1 
!iv. m , (or oxnmplo, toner. Jiuch r.s roH:hyl n'thyl kotom-, 
m.-Uiyl i':o!)tilyl kotono, cyclohnxanono , clc; o." I '■•!*■; :iurh a* 
..t.hyl ;i.:.- ; r;jto, butyL acetate, corbitol acmtnro, hwt.yl 
t .iriM5-t-l ac^.'.ato, o!:t:.; i*t.hr«rr; raich ar. methyl en 11 n-.o 1 vf , 
,.!|. V I f.vl Inr.al.'^, t t ra hyl t u fu r an , nl.c; aromatios rau;h a 1 ; 
i.ilUMfiM, xylfP", ''tc; lou/'naroo 1 alkyl:; r.urh a'; 
f! ir;h lor ni'Lhani-r i:Lc; and alroholr;. 

Th.i :;nlvwir may p^'f-r-ibly dirjr.olvf or .".wit Mm r^in 
r;i | (1 0 , i|,,. »■'•'; in ooaUn'f Inyi pri' t " i m-d nn t hr 
..ul.r.i snrf'ac- as Mi- > a-.M may I..-. This !<-ad:; In 

i lirr(M;;( ,l i„,nd r.i:roruit.h of Ui<- layo and ^.nhanond 

■ .(,.„! ion. In this rn:;p:l. ( methyl "Miyl k^rono, 
...rlul^vrinniiM, l-.n trahyd rof u ran , xyl-rw, methyl alcohol an: 

*■■•.[.. v i a ! 1 y -ii i t ah 1 n , 

Thi. tn>at : ,HUii may ha pf r.-i-t.-M-l l.y i -r ii h i no or :;pin 
,.,,m ino a", w I I ar, dippiivi. Th- ; :ur-r, >,.<\ i n<\ .lryin-i -:t-P i - 
lor rvapoml inn, Lh" solvent usod and may q^n.-ra t I y !>■• 

■ v,rriod out at a U-mpnra t u c«> of romn L"mpo r a t n m lo abr.ai! 
JI0 ; V for about. 0 mi nut-T. to about' AW hours. 

Wlu-n an adh^ivn layor is previously \'nvw>.<) on the 
r.ulr-l ralo* surfaoe .ir. r<'Orr<>d to above, a con vn i i ona 1 
| lM d may ^rnp 1 oyr<l . 
Tji' * r i 'a !' t' '* r , i h" ;i!ili:;t.r.it wilh nr without vt,- iuirho-v»a 
i, ( rin*"i is t r < <a 1' <":1 with a :u ,! ut i on cont.aininq Hk- 
.....iiilil.- of.lyin'/r ar. -;o'/c i !' i in in- it'-.-mi! 
in-'' ■ ' inn . 



r. 
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,■„,. /( .„. „,,•■! In, ih- r,,lu. I. .I, m;,y •"' ' ''''' ''' " 
„„|v...,l:. whirl, n..- ..... r.Kl iv.- will. Hi- 1 -.V I '■>" 

,,„,-. Ion, I In ; .nl i: >t:rn... ..r Hi- <",!.., 1 '"V- . 

,,.„ ru .f r.w..-Hv.. wl LI. ImvV"»-'««-- 'I'""'' '" ''■ 

,,,„„':,,, | V( m ,.,.| lV l Ml.yL k...n,..., VIIK H-n, Ilk- 

nri . rmltflblo. T.n pnrt l-u I , . h- »» I v-.i •. wl. I .;h r*» 
dlnnolve or nwoll tb» Mul-rd: r«i <• I" "' ' n ■ Tl "" 
c „„c,.ntr fl ..lon nf th- noh-Unn I, ,.r«r. -r,.,l y 0.1 tn -1 
mnrr. pn r i i d I n r 1 y 0,', t.n 10*. 

Tlv ir,n.„,nnl. U ordinarily efCrt^ by clipping In 
Hll . ,.„.„. r,f Ihr »hd« 3 rco«l-. f.r,n. m,.nt dniir r I bod »bov-, "»>.: 
otll ,r .-.mHik, m^nncln m.v, «l«o l" omplny,d. '''I"- »»•"«""" 
,., wp ,r ( ,tur.. |,< room t-mpcraU.r, to about Bll"e ' 
troalln., Urn- I:. /.Ik.uL 1 Brrronrl to nbout 411 hour,-.. Th- 
„„bnm....nt- -l-yln-, In -tTrttnfi nt « tnmp.rn turo «r men 
t ,, inp(;r ,,„r, nbout nO n C Cor nlwit mlnul.v, ■ o ..I-"' <« 
hours . 

In w ,y, Ih- w. 1 .,.. -nnl.,bl- P'.ly""" '-n-vnl-ni ly 

,„„„,,,, w|| . h r.-nctlv- MnrLit.,.1 'irr.,„. .... r„rm « -..„. i.,. 

,, iy ,r .v-f.rdinq I.-. 1 1.- prr.-.-nt inv-nt i..-n. 

A, ( :n,di,,, to Lh... profit Invention, i h- thus fnrm.,.1 
rr,«Um Inyor mny pr.forably bn further ronUctod wIM, 
wn.-r. This wnUr C.rontincnt provide nuch « do* i r *h.l , 
mult that nffinity to wnter cnn b. obtained within n 

:;hnr* I ! i UK' . 

T,„. w.i.-r tr-nt.r..-nl. is ordirwwily .-,.r. I -d nut by 
di, ( ,,i„M Ih- nubnlr/,1:- with th- cr. n U.n n Inynr in wnt-r 
r ..,,.,w.,l by dryinn. The rll PP lnn tin,- I, nbont 10 mlnnt-r. 

,„ .- mi 2 boor.-, and th- tr,;,.ir,, t.-np-r.-.U..- I.-, mm.. 

,,.,„,„.,,,,„,,. lo ,bou,- f.n°r, ,nd th- dryin, I.. „rri„.l 

., ,..„,,„.,,.,„, of rn L-,.p-r.tum „b «<»"r for ..!.....« 

1 0 in | „iii I '. nhoiil 4H liotir-s . 

T1 „. „„,,.,■ ...Mlm-Ml n.ay »«■ c-.r. i-d will. 

Tl,.. m.-h.-HniM" Ih- I'-'V-'- or >h- w,.-> 

,„,.,„,.., „lfi*-« tbron.,1. , "" 

lhi . !( , ..,..„. „.,..„. i.,„ r-.:.inr. "'i-i'V I'" « 
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,„ ti„. pr,.-;..nr InvM.Mn.,, the «- '•"""»<■ 
, n lmi , r ( ,r outer Hurr,..-.. -n-.-n t —l >'V « « »•«« 

...„,,,„. ,-„,.,. provide ''I,- •■••»'■'■•"■" wi,h lnW 
rrl( . t lnn«l ronlntnn.:., when wetted wil.l, fl qii.>oHa ' 1 " 1,1 " fi 
doner i.br..I above nt tho tin., of ln«ertin„ or dweUi..., In n 

body. . 
Tho medical Instrument oC the prenrnt Invention mny I-"' 

n ppl!«,l tn the following tooln by providing on the nurfnc, 
lM , ri .nl .1,. eoatim, L„y.,r of the pro.ne.nt invention. 

n T ,„. n uUT or inner surface of. cnl.h-terr. mirh n:-. 
, ln:nm .„ tube cathet^, nutrient catheter, and EP <P- 
ml , ri ,-.ion) tnben, which arc inserted Into or allowed .m 
dwell In diqefitlve tuhn pororally or per.mr.orly. 

For example, KM. I i 11 ustra. -r: an .....I^llnu-nt wherein .i 
,.,.„„. i,,,, layer I of I H-: prnsnnt invention i.r, lonned on . I..- 
,„„,.,. r..,rr««, ; « of <» olive 21 nnd a body 1 n '"' ^ K,) 
,■„!■„. ? which In coupled to n Conner 24. With this 
,.„ fl llnn, tub, can be canlly I n-.erf.rd nnd den 1 nt. I by 

I In- patient become:, easier, too. 

?.) The outer or Inner surface of « tube or ruff or n 
,,,.,„„• .-r :;nch a.'i on oxyqvn catheter, oxyoen cnnuln or 
^d^mchen! ,ul>,, a tulv, or cuff of n tracheotomy tub,, 
,,„, ,„ ,.„dn.racheal. aspiration catheter, whirl, nre inserted 
in , n or allowed Ln dwell in nn airway or trachea thrn.uih 

inoMl h or no.'KS 

U Th, outer or inner .urCace oC a cath-tor or balloon 
„, „„ ..rei.hral catheter , urine Introducing catheter and 
,,,,,, onn catheter which are inserted into or flowed m 

,| v ,„. I | i it an urethra . 

,..,„ ,.„,,„,,,!.. , Ki,,. V illustrates an embodiment wherein 

,,„.,,!„., layer I- «.r M,.- present invention is lonm-d .... « he 
„ul:er surface of a balloon 37. and a body tube .13 of 
balloon catheter 3 which comnris-s a r.ide opening j.l , th- 
bnU „ OIl 1?., .he body tube 33. a branched nip.. 14 «"d a body 
connorM;ot: V» . 
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It, thi'i r.inli-.diir.-Ml , Hi- f f I • ■ I I. r.-Ml:-.!..!..-.. i-. It.w "... 

,,„, j M .,,.rt ion l....:oim-. \<i .""I I If p.ii" ..I i If 

pntivnt In i-'dii.-.-d . In .-..Mil I I ' l<- 1 '" , "•»•'> 

, ..n i t .,n«:. imu.-.m.-. .....ml.. ...I.-; is lew, II."..- i •: lltll-' 

„ r inn. .„„,„„ i | ( ,M nr ln|i.ry whirl, would h- ™un..«l wh.-n 

, mr ..Uy... in t.lv I inn...'. ' '■ M ' " t^ 1 ' 

( . 1M i i,„, l f , V f:r of Mio |-r.-...-nl Inv.-nllon nw,y be :tppll"d 
,„ , ri . ;1 |)|,,„C. m-Miibor llk. : Ch- h.llonn V,\ without rhnn.,in., 
,,„• ,.|, V! -.l-:,il proportion Mit»oC. -In-:- Hi- balk,.,,. w.,.il.l 
,,. !..-rwi:;<- h.n.'" vi.-ry hl'lh r«::lntnii(:r- "P'iii i iiswr U -.n . M..- 
,„,., i,.. M! i, lf , ( .n-r:l: of tlm owtirwi ™ in- lwllr...n is 

'I I .' 1 1 . 

,.) rim onl.:i "i IntifT :uirf.if-' ol <;;.Ui<-t »-i n iiu-h n.-. ;i 
..,„,.. ion rntlwl'T, .lr.il«M«|f rnH.rinr and I n I t i nnm n-.-t.um 
„.i,-r ( W hi,:h nr- in.sort-.l or allowed to dw-.-ll In varioun 

|.,,.lv ..--.v i l. i <-:> ot t. i r.::u«v; . 

Wl.rn I Hp rnntilH l.i y»T of Mi" pr.*."..'ii! Invention in «. I no 
l, ir .n.-l cm I h- Innr-r nurfa.:<- of LI." <:ntliri <.-rr. na mcntlon-l in 
I) i,, O nupr.-i, deposition of mil: r I on In nr humor in tin; 
j ,,„,., w.i 1. 1 of Nip cnthnt'-rn in r.-durod no nfl to avoid 

I. |ockinr| 1 1 T llir- 1 union pn-.ri.-i«i«!S . 

■;,) Tlv ont'ir or Inner mirfno! of r.r\ thuf-f rsi nurh n« nn 
in-lw.-lLlivj no. J( 1|,o ( TVI1 cnthutrr, C.h.jrmod I Mt. ion cHlwl:.'. , 
vn.-..v,rnphic catheter, dilator and introilncrr , which nro 
(„.,,. rt,.d nr allowr-d to duo II in * ''lood vi.«rw:l . 

if w.-t .-...rCirM lubricity Impart.. -d to a vati.-ly ol 
„„..|i,Ml tub- Muld-vi n» uv.-d In r.url, ..v. Lhr I accord i mm l.n 

II, .. ,„nr.,.n|-. invention, t h<- .-.lldln.i rr*n I r, I ano- Ihn.uMh Hip 
....,1 I,..|-,m- i:; r.-u.arkahly r.-duc.-d in provid.- imiu.-v.-d 

r.d.l I it.y, allowim th<- ratl.pl. -r I.o l»- ,i.l.«pi.ii ■•! y id-l 

i„ i|,.. c I . . r I- in.wl with lilt. influpnc- <-.„ 1 1"' 

.,,.| in.) I i. In add i tint., I hr ipiid.- mt V '»•• v-m-'.-i I. ' V 
i i h'l rawn from I he cat hot i-i . 

l-„. rxninpl'', I'i'l. 3 illnr.l r.itcs ,.n -ml«.d im«-nt wh.-x-in ., 
.•„.,( inn lay.-r I of the pr..T..-nl. inv.-nlinn in Iomi.-'I on i I..- 
,„,,,,, ,.,„,] i,,,,,.,- ••.iirf,v.-.>:. -.f •> miMnniy vn:io<ir:.p!i i-.- !.-'•! "'• 
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,,, .,,,. tk , ..-,„.. Ki.|. < i I 1 1 1 • ; I rat--, mi < , m!>'"l I m-nt. wh-r-in 
, ,.„,, l..y-> I <■! Hi- I" '-:-!, inv-nt Inn I -. Ir.rm...l nn I )..• 

.„„,,.,..,. „r „ ,,u|.l,- wir,. h which la inrw.rl.Ml lh,on.|h 
I.I,.. ,-..!. Il-I -i '• <•"> n« ••■nnhl.p th- Cath-t-r 10 
i„i.r. Mined into n blood v«nnn.l rcqlnn. 

I'd i nxnmpl.i, when the tube quid* or guide win- r, shown 
in I- id. 'I I:: comblnH with the coronary vanoqrnph 1 1: 
rnt ,„., 1M - of .m.lkins type nhown In F I *l . 3, thr -!'iM,. wi ' " 
(i i: . ; „:;,., ,.,.«| th. o.uih th- cathat-r 5 Cnr a n r. ir.fi nq in 
ill in«lu.;iiu, liv> cnthcf.'T 5 into « Mood «'••""•» 10 '' h " 

fli-r.f. i n-d i I 0 • 

Th „ (|11 i ( |.. wir- h.ivlnc. Hi- .-cnfiiiM l.»y-r ac-ord I r.'i lo 
,,„. |ir „ f „.,,i i.nv-ntlon off era n f.urr/«c.. hnvlm, n v-ry .low 

jnll „, r : it,i„r, when wul-ted with arp.i-our. fluids, lor 

f-xamplr, Mood and phy f. I ol on K:« I nnllnn, or oil. nnlnULUy 
.;„ thai i>- r.lldin-i renintnnce of th- wir- through th- 
.....Ui.-i'T vnry low, fncUltntinn tit.? op-ratlon of the 
,„,!,!,> wir- throur.h Mm cnlhftcr. Th- cnthot-r with tho 
n .,irl.. wir- or lh- pn.-r.-nt invention -an h- smoothly 
in ...,. r|( ,l into a vr-sf.nl hrnnr:h b-cau:.r the low f r i c i on,i 1 
r.-. i-.l .-in.-*, ol Mm quid- wir- to th- vcr.r.r-l wall nllown Mm 
M „i,| ( . wir,- tip In abutment with the v«.t..m-1 wn II or vr-r.r.-l. 
I„,, n( . h lo rh.-uu,- It.-, direction. Wh-n thft catheter in 
illU . n( „,,,,l into « von^l ol' more compliant. id conf I -l"raf i nr. 
,„ ,„ Ul , ,,-cond or third branch, th- cnlh-l-r quid- wir- 
.,n h- rcndlly lnsnrt*d In Advance without in<;r i: aninq I h- 
I, i^imml r,. f .1ntnnr;n. Th- quid- wir- can maintain it:» w-i 
iMl.M.-iiy without r-qard to lr-,p.-nt r-pcal^-l n;,- rat ion-, ol 

!„.!i.liii'! ami adv/nw;-. 

r,) Tli.- out-r mi r Cm:- ol' an -lulo-.rop- lo l»- inf.- I 

into varioiir. body cn v i t i >.•» ■ 

/) Tli.- fiurfnc.' of eondnmf,, r-ontacf 1-ns, -tc 



0 I 



-•;!<)- 

■ [ nvknt i on 

A'-r*(.ird i ikj to the first, n ?j f -r: t of the invention, the 
lii'-tional resistance of the surfare of the inediV.il 
instrument, is remarkably r educed . Fspee i a 1. 1 V * in a wet 
condition, i.e., when wetted with aqueous fluid, for 
example humor such an saliva, d l.qos t i ve fluid, blood, nr 
physio 1 oq ica 1 saline or water, the fricti.onal r.-s i s tance is 
extremely low. The medical instrument has qtont- ,-idvantaqes 
ineludi.nq nnr-o of insertion, reduction of patient'*; pain, 
avoidance of injury of mucous membrane;, or inner* walls of 
1 1 ] f fid v» 1 :; . 

Fur I h'TNior e , s i nrn the coatinq !nyei ran . i c< 'f hiiiiu ula I e 
with various types of mac t i vo functional qroiipr,, t hero i s 
little limit in the materials employable for the subs t rn te . 
'I'heref ore , the coatinq layer of the present invention can 
be applied to various medical ins t r urnen t r. , i nci'ear. i nn the 
application use. 

Ron i do s , the coa t i nq I n ye r can be offered a l a en:; t 
lower than conventional oner,. 

Accord inq to the .second aspect of '.he invention, a 
coatinq layer which dovolopr. lubricity, i.e. low frictlonal 
re;; in ta nee in a wet condition can be obtained. (f water 
treatment in further effected, water i s incorporated in a 
h y ri r oph i I i c eroup of the water -so) ubl e polymer in the 
coatinq layer an hydra ted or hound water, and a hydrous 
coal- inq layer of oriented polymer:; liavinq one end affixed 
to the substrate throuqh covalent bond is obtained. 

Althouqh tlie coat inn layer is one** dried, i* ''.in 
develop lubricity in a short time l.e, ; au:;e o! it:; increased 
affinity to water when it is brounht into * -on tat t with 
aqueous fluid. 

The as-applied coat i no 1 . i y * • r is somewh.i* *:|ov;--i in 
development of lubricity as compared with the wa t er - i re.i t; "d 
roal inq layer. It has been ('omul that the former can have 
lubricity equal to the latter after the lap.se of time. 
'i'h nr., the coatinq layer accord inq to the second aspect of 
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iM ,„. nli ,„, ,„„.. | H> rmil.nbly u:;-d I nr Hi- I nr. t. n.m-n i winch 
.I,,,.., ,,, . i i <-<|n i <Imv Uiintwrii of lubricity. 

i:x,.mp|.v. of Mio prnr.pni Invention m- pre:«-nt fd h- I ow 
■„ v way of i UuM:i/.t.ion ami not I'V way of l i m i r.nt i m> . Many 
..v.,,„p|,-. ii'i.. sheet.- I Ike rtuhnlrnl.-:: intli-r than - 1 onua I -d 

.,„,,,, ,,„ id- member:! b-ca.i.-ie ;-.hc«-l--l Lk- npc: I men--. 
mnvrnM ..»!• Co nxmniiu- for lubricity and I.M> r-teniion. of 
,.,,„,-.,.., ...pilval.-nt eM-clir. nr.- ohtn i n-d when M.-~.- 
r..il..-.l.r.-il .,.-<• formed into 'my 'l.rt i i enide member .-.Ii.ii.- . 
Example I 

A 1 cm y. ''■ i -in x 0.-1 mm < Mi irk) pi err "I flexible 
(H.l.yvinyl chloride wan dipped .In a 1 ''• .".r. Ill t. i oil nf 

I ipl,.-n V I ni.-lli.ni.. <li i-mrynnal <• in MKK Tor 1 mlnut- .md 
,1, ,,, ., | ,.,„,„. r.itur.. nf <.()"<.' ><>< 10 m i n u I i •:; . ' rtl " '' ' — '- 

was 11,-n ilipp.-rl in a 1.25* r.oluU.on of a methyl vinyl 
eHi-r-Minl-k: onhytkM.. copolymer < CAHTKK7. AM-13-J, MW - 
710, 000, m.miiinrtiired by V, . A . V . Corporal- I on In MKK for 10 
seconds nn.l «l r i «*<1 at « teinp.-raUiro of f.(l°C Tor 2 hour:: tn 

obtain .-i .surf ..<„•!• lubricity imparled sp— i "> ('»• 

im-n (1.) w.ir. sub i-ct-d I » frictinnal i r. I anc and 

„.,,.„! ion tests nr. will b. ; d-so r i bed later. If. was lo.ind 
i.hni „ fricl ional n-.r. In t. ;uif- u ol 0.02 was retained .-v.-n 
„|-|....r .-, onlinuoi.r. water wash I n<| for f. hour.-.. The su. l ac 
had not- l.ow fricUona.l r«r.i.M:nn<:r immediately nil'-" Mi- 
...,,„.,, i,„en war: wetted with water. 'I'll- d.-. i I rd condiM.-:, w.v. 
,,.,u:h-d after Mi- Lips- of •"•'M«- ' ' ,!|f ' • 

Specimen (1) after If: nr-p.ir.H ion was -I « !•!■-:' > " 

room t-.-n r.ilnr- for 10 minni.-: and dried ..I .. 

t ■ 'in p. * i >i i hi 1 * «'i i.'i'V i'.n ii" l|! ' ; ". ,; ■ ■ '•" 

:;,„.,.. i,,„.„ (',:) was also sul-iec! <> Mi- "-■•»"• ,| """ 

for r.r-cim-N (I). I t- war. rn.m.l Mial Hi- f i i - t i .»[.-, i 
r-ri ir,f.;in<;- n "I "-"2 war; ma i n : a i n-d all -r a c..n l I nu. ,u-. 

Wll tor wanhiri'i for f. Imuir.. .".p.-c i m-n CM d..u..|. d r.ni!ac- 

lubricity r. la.iv-ly rapidly nfl.-r it bad b-r-n w.-iMd with' 
waL-r a-. r.ppo:i-d t.o npoc Im-" (II. 
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.'•pec i men 
at. rcvMii tompi 



(I.) nft.'T it.M preparation was dipped in wnir-r 



0, 



'raturc lor morn than 1 hour and dri**d at fiO C 



fm M hour:; (.o obtain a specimen ( 1 ) . . r iperIm"H (1) wa: 



a I so sub J )or hod to the 



a me 



IT'S I. as don» i for so"c i mens (1) 



r, (V u'i (2) to find that, the frietfonal resistance u of 0.02 
was kept after a continuous water waflhinq for & hours . 
Specimen ( '}) developed surface lubricity immediately after 
it had hiH.ii wtifd with v:;ih-r, which was superior to 
•:j i't: i m-'ur. ( I ) mid ( I! ) , 

| (i Kxamp I *■ 2 

A 1 cm x S cm x 0.4 mm (thick) piece of flexible 
polyvinyl chloride was dipped in an aqueous solution of 5 
wt. ?. diet.hyl.fMio triamine and 'j wt% tctra-n-butyl ammonium 
iodide at a temperature 0 f f.0°C for 10 minutes and dried at 

1 <; Mt°C for '.10 minutes. It was then dipped in n 2.0* MKK 

solution of a methyl vinyl e ther -ma.l o i e anhydride copolymer 
(CANTIU-7, AN- .13!)) for 10 s.-oonds ^ncl dried at fiO°C for 2 
hours. It wait further dipped in water for 1 hour for water 
contact and dried at 60°C for 24 hours to obtain a surface 

20 lubricity imparted .specimen I'll. 
Kxamp 1 o "3 

A polyurethane resin terminated with an i soeyanu t 
<iroup was synl hes i 7.«'d by r»'ar! inn 1.0 <l of 

polyethyl.onof|l.yc:ol (MW * 1,000), <1 q of pe ntar: yt lu i tnl and 
• I ft (| of toluene fliisory.in.it". 'Hi- 1 po I yum han- resin was 
molded into a sheet of 3 cm x S cm x 0.4 mm (thick). The 
sheet wan dippnd in a M! : !K solution of a methyl vinyl 

ether -ma loic anhydride copolymer for .10 seconds, dried at 
()0°C for 2 hours, dipped in water at room temperature for 
• ( o more than 1 hour, and dri<*d at. f>O n C lor 2 4 hcurs to obtain 
a surface lubricity treated specimen (5). 

in the [fictional resistance test and the retention 
i "St, this .npeeimen showed excellent performance as in the 
• •a of spec imen ( !1 ) . 
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Kx.uuoU- '1 

" " A «"cm x 5 an x 0.4 mm (thick) piece nf 6 -nylon was 
dipnoH in dilute hydrochloric ncM «t 30°C lor f.O minufs, 
sufficiently rinsed with water, dipped i" V:Z mixi.ur- of 
a 1.0?. arsons solution of pol ythy 1 ene i»Jn u and a V. 
methanol solution of d icyolohexyl enrbodiimidrj nt n 
t,mperature of 30°C Cor 5 hour... and rinsed with water. In 
war, «.l,nn dipped in a 1.25 MEK solution of a methyl vinyl 
,-.M,,.r-mal,Mc anhydride copolymer Cor in minute mvl dried 
at , a temperature of 60°C for 2 hours. It was further 
Hipped in water at room temperature for more th.in ! h<u,r 
for water contact and dried f,0°C C"r 24 hours t.n obtain 
a surface lubricity treated specimen ( f> ' • 

This .specimen showed excellent lubricity and r-tont.ion 
in the frirt.ional res i stanco nn-1 rotation tost.-.. 
Kxamol.e 5 

"a st.ai.nl, -sr. steel wire having a diameter of 0.97 nun and 
, i„ m it.h 0 r 100 cm war, dipped in a 1:1 mixture- of a Vf. Till - ' 
solution of oolyurcthane and a 2* MF.K solution of^ 
,t,4<-diphenylmethar.e di isocynr.nte and dri-d at f,0°C for I 
lu'vr. It was then dipped in a 2.0* MF.K solution of methyl 
viny , ether-maleic anhydrid- copolymer (CANT HP. 7, AN - 1 »» 
, 1,500. 000 , manufactured by r. .A . F .Cor pom t ion ) for 1. 
millul ,, ,,,„, , iri ,d at r,n°C for ,ni...,t.-.. II m.-.h-r 
dipped in water for i hours lor wai.-r contact ami driod a- 
60°C Cor 24 hours to obtain a su, race lubricity imparted 
catheter qu ide wi re ( 7 ) . 

Guide wire (7) was wott.od with phys i.»l 1 1 1 

before it w,u: inserted and operated thron-,!, a 7Kr 

va-.o-ii aphi'- r-ath-ter. The P-r forma.w.: was sat i sraetm-y 

with .i v-ry low .-.lidinq resistance 

l-'.xamp I '•_<> 

'""*A3 cm x 5 cm x 0.4 mm ( thick) pioce of; 6 -nylon wnr. 
flipp ,.,1 in a U MF.K solution of 4 , 4 ' -d iphony Ime thnnn 

■ i,o.,y«.wif for 1. hour and dried nt 60°C for 10 nunut-.. 

1 1 „.,:; i|,,n dipped in a 1* MF.K r.nHH.ion nf .rvM.hy! vinvl 
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pth"f'-iiu Um<: /uihylr idc fnim I y i n • - r ( r.ANTlU','/. AN- If. 1 ), MW - 
I , SOD , 000 , m/wuil .icnit'".] by C, , A . !■' . Corpora t i on ) fur 1 M-cnnd 
i\\M\ dried at 60' V: f f> r (0 minute:;. Then, it war. further 
flip|.*Ml in water for !l hour 5; for water contact and dried at 
r.n°C I'nr 24 hour." Lo obtain n r.urfnco lubricity imparted 
;;p' • i rim - n ( M ) , 

V!io surfac lubricity war. quod as In the proceeding 
Kxamplo . 
Examolo^Z 

Ml A '} cm x S cm x 0.4 mm (thick) piece of flexible 

polyvinyl, chloride war. dipped in a 1* Ml-K solution of 
4,4 '-di phony [methane cU i socyann to for 1 minute nnd dri^d at 
f»0°C lor 30 m i nnt.iT. . It. war. then dipped in a nolution of 
an ethyl e:;tor ( or. r.cr i fi cn t ion degree: 40 to 50*1 of a 

rj methyl vinyl other -ma Kmc anhydride copolymer ( GANTRE7, 
AM-.170, MW *■ 000,000, manufactured by C .A. F .Corporation ) 
for 10 r.econdr. and dried at G0°C for 2 hours to obtain n 
.surface lubricity treated specimen (7.1.). 

Specimen CM) wan nuh-joct^d to the frictional 

; ( 0 resistance and retention tcr.tr. nr. will be described later. 
<} j., MM J ijii' Mw- r r i '-r : r.n/i i r^: i r :t anr-e i: oT 0.0? v/a-; 

kepi after a continuous writer washinM lui (■ houi :■• . 
However, the surface could not exhibit a low frictional 
resistance Immediately after it had hen wetted with water, 

?■*, The desired condition wan reached nfter the Inpne of r.ome 
t i me . 

Specimen ( 2 1 ) after its preparation was dipped in water 
fit room temporal tire Cor about 30 minut.cn and dried at f>0 C 
for 2 4 hours to obtain n specimen (22). 

M\ Specimen (22) wan nub ice tod to the same tests as dorm 

on Mp.-rimnn (21). Jt wnn found that the frictional 
rnr. i.stanee n of 0.02 wan kept after a continuous water 
washino for 0 bourn. Specimen (21.) developed surface 
lnhti-t . relatively rapidly after betnn wetted with water 

■p, r \y. fiTiD't-:'"! !m • , .p»":un»'n (21). 



01 66098 



• 2S 



2 r . 



"10 



|„ add.U :;. i «..'" I/I' P',,.,, ,! in:, w.v. 

(li|>() , ( | In w,,l,r ,f ...cm .,-m P ,r,inr- lor „,,r, U.an ...... I.n«. 

an(| (lM „ ll ,,„ |, ()11 rv. In ol.lntn a :;,..t inu-n (2U. 

:;,.,.,„„..„ .:.) w,, .nl-rr....! ... II.- .-..•..«,■ « rlnn.. 

„„ .,,,,,■„...-..•. (VI) nn«l (22). ' ! war. found H,,t the 

.rir.ionnl resistance „ of 0.0? war. krpt after a continuous 
w<ltu r wanhlnq for 6 hours. Specio.cn (23) developed surface 

,„hclcii.y Immediately «Ct« it. hud been wetted with water 

nr. <;nmp.-.r-(l will. :'.|»>c imenr. <?.H and (7.2). 

I''.y..un|. I '• H 

A :i \:m x x 0.1 mm (thick) piece of ri-xibl" 

polyvinyl ehlr,rid, won dippH in an aqu.-our, solution of 
w«l dl.-N.vlnn.. tr lamJ r»e and 5 vtl tet,:a-n-byty.l ammon li:m 
ifwl|( |n at f.0°C Tor 1.0 minute and dried at 60°C Tor 30 
miiu ,,„ r ,. It . w ,,. then dipped In a U TMF r.nlution of a 
m ,.,., lYl V inyl .-Hwr-malnU: anhydrid- eopnly,,,-.: ethyl .'.-.t-.r 
h .„. , (1 !; ,, ;on(1:; ,„„, drlod at 60°C for 2« hour,. U war. 
,,„.,,„.,. ,,,,,,„.,, i„ water Tor about I hour for water 
,,.,.,,.„,,„, and dri,d ,1: 60°C lor 21 hours to obtain , 
..„,,.„.,. inbririty t.-ated nyor. im-n (2D. 

:: im ilar l.rictional resistance and r.-t .m.i i-jm i-r.tr. ■<■->■■■ 
,o.ul..rlod on s:p'-c I men (24) and ttv t.'e:;n ' t ' ; " good. 
Kx.'wnpl o l ) 

A poTyurethane r.-sin termlnat-d wi th an ir.ocyanate 
„roup war. nynthrn i ,-d hy r.-ae.inn 10 c, of po,yMh y ,ene 
„,YC 0 1 (MW - 1,00(1). 4 '.I of p,n..vrylhritol, and H « nl 
I ol uenr (I i i .'H.cynnato . 

The polyi.r-thanc renin was molded into a sher-l. nf 1j-.n 
x r . cm x 0.1 nun (thick). Tim :;h.-l war. dipped in a V. TIM-' 
.',.',„, i,,,, of a half -thy!, er-ter (,,t,T i f icaMon do-.r-t ^ 

,„ M m of a mothyl vinyl cth-r -ma 1 e ic anhydride copoly r 

,,„■ |n , ,nd, and dri-d at f,0°C for 24 hours. li war. 

,,ip I in water at room temperature f.,r -nor, than ! !,...„ 

, lt f.o°c: for 24 hourr. «r, obtain a r.url.a- 

lulu i. iiy l r-..it.'d specimen (2^>. 

,„ ,j„. |, i.M ...nal .vsist am- and >•.•!.-... iui. !-r.>r., 
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specimen (2 r >) nlmwvt.1 as nond rrsulis as in specimen (23). 

• •xajnnl e _ 1 0 

A .1 cm x !'t nu x 0.4 mm (rhiek) she'M of fi-nylnn was 
dipped in riulnte hydrochloric acid at 30 n C Cor 60 minutes 
and stiff iHenl ly rinr.i'il with w,it.cr . It was th»-n riipprd in 
a 1:2 mixture of a 10* aqueous solution of polyethylene 
imino and -i methanol nolution of d i eye lohcxy 1 
an r hod i i mi do at 30°C for r i hours, rinsed with water, dipped 
in a 4* THK solution of a' half ethyl cater (esterif ication 
doqree: -10 to 5(H) of n methyl vinyl ethor-mnleic anhydride 
copolymer for 10 minuter., and dried at 60°C for 2 hours. 
It was further dipped in water at room temperature for more 
than 1 hour for water contact and dried at G0°C for 24 
hourr. to obtain a surface lubricity treated specimen (26). 

Thin specimen showed excellent lubricity and retention 
in the frictionn] rosi stance and retention tents. 
Hxamnlo_i 1 

A stainless steel wire having a diameter of 0.8*7 mm and 
a> lenqth of 100 cm war, dipped in a 1:1 mixture of a 5* THF 
solution of polyurethane and a 2* MEK solution of 
4 , 4 ' -d iphenylmethane d i ir.ocyana to and dried at 60°C for 1 
hour. It was then dipped in a 4* THF solution of an ethyl 
ester (ester if ication degree: 40 to 50%) of a methyl vinyl 
ether-maleic anhydride copolymer for 1 minute, dried at 
60°C for 30 minutes, dipped in water for about 3 hours for 
water contact and anain dried at 60°C for 24 hours to 
obtain a surface lubricity imparted catheter nuido wi r^ 
( 27) . 

Guide wire (27) was wetted with phys ioloq ical saline 
before it was inserted and operated throuqh a 7Fr 
vasoqraphic catheter. The performance was satisfactory 
with a very low slidina resistance. 
F.xamp le_1.2 

A 3 cm x 5 cm x 0 . 4 mm (thick) sheet of 6 -nylon was 
dipped in I?- MF.K solution nf 4 , 4 ' -ri i ph^ny 1 m<'t- harw 

• inocyanat^ for 1 hour and dri*vl at <U)°c for "in minutes. 
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II- w.,:: Ih.-n dii-p.-d i " ' "■° 1 «'■ ' on nf " UnU ''' 1,Vl 

j,-.,, i„„ ,l..,u.... : /,() t.„ L.O'U oi n nwt.hyl vinyl 

,.,!„., -nul.-i.- aiiliy.lri.l- < •lyi«'T ' Mm-nitd. drind ,,t 

,,,,'V i,,, K) ,„i mil di|.|»"l i" lnr nl " ,,U - 3 hn " , ' !: 

: , „;,..., |r..;.l-.n..t.t. and dri- : d at M»'V ' n ' I""'™ t0 nh,;,i " " 
: ;n i I ac' 1 it I j r i . • i i y Impart". -d sprr:iin.-n (?.!!>. 

T|,r .■i.u.r.u-- lubricity was «.-. <|<>nd ••<■• f- 1 " 1 ' "'■f.-yoi n-i 
Exnmplo. 

No- i mm i.| i rr.-ml d i f t-r was round in th<> tests nf 

10 friction. .1 n-r. i stancr- and continuous wntiM wanning Ivlwc-n 
Kx.vn;, I In (, or specimens <1> to <M and Example 7 t.o 
12 or sp.., : im..Mr. (7.1) to (23). .In a morn sever,: test 
wherein th" --ncc i me nr. were strongly r.quuo/od with fino.-r;. 
in runniiu, wnUu, Kxainples 7 to .1 2 w.>r-< somnwhat r.un-rior 
113 | n n„. retention of surface lubricity. 
F.x ample H 

A 3 cm x r > cm x 0 . '1 mm (thick) sli " n( polyuiethan- 

was dipped in a O.f.ft MKK solution of 4 , 4' -d i pheny 1 mo than- 
,1iir.ooynn;.t» for 1. minute; and dri-d nf. G0°C for 30 minu.es. 

: .„ II- was Hv-n dipped in a 10* rhlorofntm solution or a 
wnU-i -smIuM- nylon Cl.,i.iy .'<■..:■•" '■ '"■ " ' 
manufactured by Torny Industrie) for 1 second and dri-d -it 
60°C for 6 hours. Tt was further contacted with wat -r t.o 
obtain n surface lubricity treatnd specimen (3D. 

•;r, Tost results w-rn <|0<»d with respect to both wet 
lulirici t y and retention. 
F.xamnl c 1. 4. 

Apolyurethnne shrct similar ?.n that used in Sample U 
was dipped in a 0.01« MEK solution of 4 , 4' -d i pheny 1 methane 

->(,. <li isocynnat.e Cor 1 minutes and dried at f.n°C for 3fl 

minutes. Tt war, then dipped in a 0.75ft chloroform solution 
nf hydroxypropyl cellulose (H ry;.- UPC, trad.- nam.-, 
,„.imir:i.-tur..d by Hercules Company) for 1 ser.,nd and d:i-.l 
ftn'V for f, hours. After water ! r.-atmenf , a snr!,,,- 

. |„|„ j.-ii-y treated np.-i-im-n ' V.> > was ,.bta i iK-d . 
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Test ri'HiUtn were qood with respect to both wot 
lubricity ami ret i»i»t Inn . 
Kx.iiup 1 r I S 

POAKM (p ( Oy"N,NMltmethylaminoethyl mH,hacry!a f.p > war, 
syufhpsized by mixing 40 ml of "A KM ( N , N-d Lnmthy I am I noo thy I 
m. ; t:h.-icrvlrtt-..!) , U) ml of! eye l.ohexanr , nnd 0.0 g of AIUN, 
exposing the mixture to ultraviolet rad lotion for 2 hours, 
nnd drying the product In vacuum at f>0°C for 24 hours. 

A mixture of 2 g of PDAEM, 1.4 in I of ethyl bromide and 
Ifl.; ml of TllF wan thoroughly agitated and allowed to stand 
in an nvr-n at Vj°C for 2 hourr;. Qua tern I zed PDA KM formed a 
whit'* pr.-clpi tftte wlilch wan dried In vacuum at 50 °C for 12 
I in 11 rs . 

One- pari, by volume of a n DMF solution of the 
quaterni z^d pi) A KM wan mixed with one part by volume of a 
solution of PVC in TilK and DMF (1:1) to prepare a 
quatcrni zed PDAEM-doped PVC solution. 

A stainless steel wire having a diameter of 0.87 mm and 
a Length of 1.00 cm wan immersed in the doped PVC solution 
for 1 minute and the thus coated wire dried in an oven at 

60°C for 2 hours. 

The coated wire wan immersed in a 0.25* aqueous 
solution of nn anionic polyncrylamide (MA-3000-6H) for 1 
hour and dried at 60°C for 2 hours, obtaining a surface 
lubricity-imparted cathcrter guide wire (15). 

Guide wire (15) wan wetted with physiological saline 
before it was inserted and operated through a 7Fr 
vasngraphic catheter. The performance war, satisfactory 
with a v*»ry low sliding resistance. 
Kxamrj 1] o_ l.K 

A nylon shoot similar to that used in Example 4 was 
,. f | wilh Mi*- i!;nr-y;inat.r-t.'rminn!'f*l |>o 1 y u rv Mian« r^sin 
syni ||f..s i v.Md in Ky./wuplo 3. The coated shr^t was t h-n 
i.iiini-! scfl in a V'. i-h I m of or «i •.nlut.ioii of polyvinyl 
pyi ; nl Idnnr ( K f t0 , nvr.vr mulffiilar weiqht 1M),(H»0, 
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manufactured by CAP Corporation) nnd dtN, obtoininn n 

......... I „ (K.) hnvinn flu- rnnUnn layer attached to the 

,.'„,„,. „,,,„, thmi,,!, ionic- ».on.i . r.p.Tim.-n:; d> I" 
lc; , 0 r t .h,. present invention and v,|-c i.m-n ( T> ) of this 
,x;,mpl- aM xl. i hi ted improved surface lubricity In tb, 
Erictinr.nl res istnnco test and retention tont-1, althonch „ 
Uttio rtilifr-rr-ncc wns ohserved in the latter test. In the 
retention ter.t-JT, however, specimen (If,) apparently lost 
lubricity whereas r.pecimenf. (D to (6) of the present 
invention well retained their initial lubricity. Catheters 
w..r, nrejMrcl by the name procedures as for r.pecim.-nr, <!> 
hi (f]) .,„„ ...p^i^n (10). The catheter corresponding to 
specimen (If,) experienced the separation of the urethane 
Inyor near catheter side holes and alo.w, a boundary with an 
untreated section. The effectiveness of the present 
invention was thus proved. 
Compa ra t i ve _ExamnJ c ..1 

"""" SrivTra) "specimens were prepared to dimensions of ^ cm y 
5 cm x 0.4 mm (thick). Specimen (01 was a flexible 
polyvinyl chloride r.heet coated with dycrinc, specimen 
(10) was a similar sheet coated with olive oil, and 
specimen (1.1.) war, n similar sheet havinq no coat thereon. 
Specimens (L2V (13)/ and (14) were formed from low density 
polyethylene, high density polyethylene, and 
tetraUuoroethylene, respectively. Those specimens were 
..uhjectcd to the same fractional resistance test and 
retention teSt-T were conducted and compared with specimens 
(,) to (8). The specimens other than those of the pr.-.-nt 
invention oriqinally had hich frictional resist,.,,,- or lest 
their initial lubricity after a conl.i »no,.c. ^ '■»'■> 

Tor about. 10 minnt.es. The elT-cl i veness n! lie- pres.-:,! 
i nvn I i on was prov-d . 
Vr id- iona I Res is" anr<; 'IV.-.i 

A polyvinyl chloride or 1 yur. .thane sii--. H <■'■■■ ™* 
..„ , ri . f ,,,.| as in have a conlin« of the pr-sent invention or 
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»,f i\ cninp.iifil.lvr! example waR fixed on a ramp 42. A 
cylindrical Iron weight 41 of about 1 00 q having a 
pol ynroiflo renin r.heet 13 attached to tho boh torn thereof wnn 
|l)n r,.f1 on C.ho r.lKM't 41 nr. shown in Flq. 5. The Inclination 
.„„,).,. h ot the romp 42 war. qradu.il l.y increased to determine 
the angle H when the weight bcqon to move. The coefficient 
of friction wan obtained from u - tan B. The results arc 
i-.hown In Table 1. 

r.iyccrlne con I specimen (9) and olive oil. coat, specimen 
(jo) w-re prepared by dipping a polyvinyl chloride nhoet in 
thr. corresponding coating liquid and draining the nheot of 
the liquid so th.it the liquid might not drip. 
!'c tent ion _Ter,t^.I (change of frictlonal resistance with 
t ime 1 

The specimens having the coating layerr. an specified in 
Examples of the present invention and hnvlnq olive oil and 
glycerine coatfi were dipped in one liter of water which wan 
stirred at 500 to fiOO rpm. The thur. treated specimens were 
measured for coefficient of friction by the method shown in 
Fig. 5. The changes of coefficient of friction with time 
were examined. The resultB are shown in Table 1 and Fig. 
f>. 

Hr:f.;nt.lonj;e.ct z n (change of lubricity after severe 
friction) 

The npecimens of Examples and Comparative Examoler. wor* 
strongly rubbed on the surface with a wot finqur to examine 
whether or not the original lubricity war, retain-.!. Thr 
riT.ultr. are r.hown in Table 1. 
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WIIAT IS CI.MMKI'i I Si 

1. A medical InnLi.wnt compel r. inn n nubntrni.i! having n 
niirfnc.:, characterized In thnt the substrate has at Ion-.', 
on it.-, jiurtncfi a reactive functional group coval ..-nt 1 •/ 
bonder! with a watcr-noluble polymer anlectcd from the cliwn 
rnnntntlnn of n eel lu Ionic polymer, n maldc anhydride 
polymer, a polyacrylamldc, and a water-soluble, nylon, oi 
derivative thereof, wheroby the awrfnrr. hno lubricity when 
wotted . 

2. . A. medical inntrument aa claimed in claim I wherein 
an Id celluloaic polymer is hydroxypropyl cellulose. 

3. A medical instrument 03 claimed In claim I wherein 
nnicl malelc anhydride polymer is e copolymer of methyl 
vinyl other and malelc anhydride. 

4. A medical inotrument nr. claimed in claim 1 wherein 
naid reactive functional group la nolectcd from rh«- o I. •«•<:. 
consisting of aldehyde, epoxy, Ir.ycyanaLe, and amino 
groups . 

A medical inr.tn.ment a:; r-l.ilin.-d in r|,,in. I wherein 
..... I.I medical inr.Lru.nent i •". a guide member lo.,ne,l nl a wire 
member inr.ertab.lo through a medical tubing lor a I. low in-, 
r-. i cJ nodical tubing to be moved int o and n..r of a body. 
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t, , A hip! Iiiki for pr oji/i f i n?i a m • • ' I i * : -i 1 i nr. t- rmnrn f , 
* ; * tftij * t i •; i II 1 1 

!i»-;if)n*i ;i :;ub:: t r ,i L.-» cnnr. i I mi. i mi Ui< 1 m<*d [*:,* I 
i (iv t i-um»Mit. .tint li.'.vitp'i a Mirfar:" wit;h a r.ohuitii! <»! ,i 
f*M|,tj„,i.uiil havimi a maoUvn f urn: ! I ona I M''" 11 !' 1 f » fnMn ' ,n 
iihiltTt.Ti.ii: no that t;hc ris'icM.lvn I uno* I nrm 1 n r o m p i r. pi rent- 
al Iim.'.i- on 111' 4 uurL'nctJ oC t.h''' suh:; i: rat # and 

l 1 1 r * 1 1 I. r i rhi i: ho r.nbnl. r#i t:c w I t.h a watrr -sol nM «• 
polymer ncl ''":trd from th" cl.nnfi rrmif: i st i \\q of n o"l.l wlu r . ic 
pulyiu.-r, a inal<.[ (; anhydride polymer, a po 1 y ,v: ry I am i d< ■ * and 
,i w.i I -r.ol nl) L" nylon, or a derivative thereof t.o 
CC.^-al on l: I y bond r.aid roar;!, i vc fiincUnnal <jrnup with raid 
wat.er-r.nl uble polymer to thon-by form a mat; of said 
wnter-r>ol uhle polytnet on r.aid undercoat r.o that' the ruirfac" 
may hnv» luhuVii-y wh^n wotted. 

■;. a method for preparing a modical lnr.Lrniim.nl: nr. 

r|aiin"d in clntrn 6 wherein .Mnid cM.lulor.ii: polymer ir. 
hydi uxypropyl ecl lulosc . 

II, A method for preparing a modical inr.i rninent nr. 

.■l.iiniMfl in claim 6 whorein Maid mal."if anhydr ide nolym'-r i r. 
a M.pniynirM- c ■ I* methyl vinyl eth'M' and mal"ic anhydride. 

'i, A method for [HT'ihir i rui a niHIcal instrument, a'*. 

r|,, it.ir-d In flaim U wh'-rrin r.aid reactive functional Mrouo 
r. -,,.1,.,-t .-d Im.hi I In- (-l.v.r. r-nii-.i'-.l ill'l n\ ald-hyd", e|„.xy. 
j -y.wi.i I ami am inn mm tll l ,,; • 

10. A method for .prcpnr ing a modioli Inotrurnent as 
claimed in claim 6 wherein naid medical Instrument Is a 

.piido m.Midv-r formed of a wire member inr.ortablo through a 
,r,...|i.-;,| tnlnm, Tor allnvino .-.aid in.-diral tnliinn I'm he :nov«-d 
i in o and mil. of a body . 

!l, A ni'*i. h'id Cor preparinu a medical i ns i, r u:m* n t ar, 
,-l.:im.ul in claim 0, which turth.-r comprirwr. contac'imi » 
I i . >■ ...I sub*:t rat.** with water . 
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